Residue of grape generated during the wine production process consists of large amount of polyphenolic compounds which strongly bind heavy metal ions. An adsorption gel was prepared from such grape residue by cross linking with concentrated sulfuric acid. The adsorption behavior of the gel was investigated for Cr(III, IV) and Fe(III). The gel was found to adsorb Cr(VI) selectively over other metals. The maximum adsorption capacity of the gel for Cr(VI) was 4.72 mol/kg.
Introduction
The wastewater from industry contains heavy metals like lead, chromium, cadmium, copper and zinc. These heavy metals have an unfavorable effect on the environment and human health. Therefore, the emission standards of these metals are strictly regulated implying that the concentration of the heavy metals in the waste should be below these standards. However, sometimes, the concentration of heavy metals in soil and ground water are detected to be above the standards.
The treatment of heavy metals is performed with various methods such as aggregation, precipitation, membrane separation and ion-exchange. Membrane and ion-exchange resin treatments generally incur very high cost whereas aggregation method is not possible in case of low concentration of metal ions. Precipitation by metal hydroxide formation is relatively useful due to the ease of operation and low cost. However, since it produces a large amount of sludge, an alternative method of the heavy metal treatment is required which is not only environment friendly but also economically feasible. From this point of view, heavy metal adsorbents prepared from biomass wastes such as grape residue [1] , apple residue [2] , orange residue [3] , and rice husk [4] were reported.
The grape residue is a kind of the biomass wastes produced after wine production. The grape residue contains a large amount of polyphenolic groups. The hydroxyl group of the polyphenol is known to have an affinity to the heavy metal ions. [5] [6] [7] With a view to utilize this biomass waste for the sustainable society, in the present study, we report on the adsorption of the heavy metals, especially hexavalent chromium on the gel prepared from grape residue whose polyphenolic groups have been prevented from leakage by cross linking. were the metal concentration before equilibrium, the metal concentration after equilibrium, the amount of the adsorbent and, the solution volume respectively. complex with the cathecol in polyphenol compounds by the esterification reaction [5] , whereas the other metals are adsorbed via ion-exchange reaction [8, 9] .
Scheme 1 Adsorption mechanism of (a) chromium(VI) and (b) other metals binding to catechol group in the grape residue. Figure 2 shows the time variation curves of Cr(VI) adsorption onto the gel with varying pH. At low pH region, adsorption of Cr (VI) reached equilibrium quickly, and then it slightly decreased, which demonstrates that either Cr(VI) was eluted from the gel or it was reduced to Cr(III) by the gel. Figure 3 shows the time dependence of Cr(VI) and Cr(III) in the solution at pH 1.93. Along with the adsorption of Cr(VI) onto the gel, Cr(VI) that remained in the solution was changed to Cr(III). At lower pH, the reduction rate of Cr(VI) increased, however, above pH 3, the reduction was not observed. Hence, the concentration of proton was found to be the dominant factor for the adsorption and the reduction of Cr(VI) rather than the esterification reaction. Table 1 The maximum adsorption capacity for the other metals. Table 2 Comparison of the maximum adsorption capacity for Cr(VI) on different adsorbents. Figure 5 shows the elution % of Cr(VI) by acid (HCl or H2SO4) treatment at various concentrations.
Adsorption kinetic

Elution test
At 3 mol/dm3, the elution % was only about 60%by H2SO4, revealing that complete elution with acid treatment was difficult due to a very strong complex of Cr(VI) with polyphenols. The other possible methods for Cr(VI) recovery are the alkali treatment and the incineration which are further to be investigated in our study. 
